introduction
Among patients affected by stroke, 20 to 25% cannot precise the exact time of symptoms onset, for the deficits are perceived upon awakening. [1] [2] [3] These types of stroke are denominated wake-up stroke (WUS). In such cases, the therapeutic time window which is one of the criteria for thrombolytic therapy is not available. [4] [5] [6] Controversies about clinical differences, risk factors, and prognosis between WUS and "stroke while awake" remain. The majority of studies register similarities between clinical characteristics and risk factors; however, there are divergences mainly regarding the evolution and clinical presentation. 7 A previous study involving 17,398 patients (International Stroke Trial) observed the clinical profile and evolution of WUS and found no significant differences regarding age, gender, and average blood pressure. It has been shown that patients with WUS present less atrial fibrillation, less total anterior circulation syndrome, less compromise of consciousness, and more lacunar syndrome. It was hypoth-esized that WUS would be associated with a lower probability of development of functional dependence probably due to a milder clinical profile (predominance of lacunar syndrome). It has been said that despite their more benign presentations, the outcome of WUS is similar to other ischemic strokes. 8 Adding to the controversy, hypertension, smoking, and worse clinical severity have been associated with stroke during sleep; however, fatality was not different between groups with WUS and stroke while awake. 9 A retrospective study involving 2,289 patients, in which the Modified Rankin Scale (MRS) and the National Institutes of Health Stroke Scale (NIHSS) were used, showed that WUS was associated with worse clinical outcome. 7 In opposition to these findings, another retrospective study with 1,854 patients showed a similar clinical outcome in WUS. 10 It has been recognized that short sleep duration and daytime sleepiness are important risk factors for the manifestations of arterial hypertension, diabetes, and obesity. 11 Recent studies show that a reduction of sleep duration increases the mortality for any cause. 12 It is also shown that daytime sleepiness is an independent risk factor for the occurrence of stroke and other cardiovascular events. 13 Together, these findings indicate that sleep alterations are important risk factors for stroke. Moreover, sedentary lifestyle and excessive alcohol drinking have been recognized as potentially harmful to health.
14 Given that clinical characteristics of WUS are still conflicting, additional studies on this subject can provide insight into the pathological mechanisms of this condition and suggest new therapeutic approaches.
The objectives of this study were to evaluate clinical characteristics of patients with WUS as compared to general ischemic stroke, and to further examine the relationship with excessive daytime sleepiness, sedentary lifestyle, and heavy drinking.
Method

Study design
A cross-sectional study was performed on ischemic stroke patients admitted to a single academic stroke center from 2013 to 2014. Initially, 114 patients that filled the eligibility criteria and agreed to participate in the study were recruited. Forty-four patients were excluded due to clinical deterioration, waiver, exceeding the time limit inclusion, transfer to support hospitals and/or hospital discharge ( Figure 1 ). The protocol was approved by the local Research Ethics Committee and written informed consent was obtained in all cases (UFC-CE 422.106).
Sample description
Patients of both gender aged 18 to 85 years, with time onset of symptoms less than 15 days, neuroimaging excluding non-ischemic lesion, stable clinical-neurological state, and capacity (patients or relatives) to provide a written consent were included. Subjects were excluded if NIHSS was above 25, comprehension deficit was severe enough to prevent evaluation tests, and severe comorbidities were present. Among all, patients who went to bed in their normal state of health and first noticed stroke symptoms upon awakening were classified as WUS.
Clinical evaluation
Clinical and demographic data included age, gender, and anthropometric measures. Arterial hypertension, diabetes, hyperlipidemia, heart disease, smoking, heavy drinking, sedentary lifestyle, and obesity were all evaluated. Arterial hypertension was defined as a systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, and/or current use of antihypertensive medications. 15 Diabetes was defined as the presence of a fastening ≥ 126 mg/dL, postprandial glucose concentration ≥ 200 mg/dL, or diabetes symptoms and a plasmatic glucose concentration (last meal time independent) ≥ 200 mg/dL. 16 Hyperlipidemia was defined as an alteration in lipid profile, with low density cholesterol ≥ 100 mg/dL, high density cholesterol < 40 mg/dL, and/or triglycerides > 150 mg/dL. 17 Previous history of heart disease was informed by patients and/or caregivers. All data were confirmed by chart review. Patients were classified as physically active when involved in moderated to intense physical activity for, at least, 150 minutes/week. Heavy drinking was defined as the ingestion of five or more drinks per day at least once per month or more than 30 drinks per month. Smoking was defined as the use of tobacco for the last 12 months. 18 The following anthropometric parameters related to cardiovascular risks were evaluated: body mass index (BMI), 19 neck circumference, 20 waist circumference, and waist-hip index (WHI). 21 Neck circumference was considered abnormal if > 43 cm in men and > 38 cm in women; waist circumference was abnormal if > 102 cm in both genders; waist-hip index was considered abnormal if > 0.91 in men and > 0.84 in women. Daytime sleepiness was evaluated by the Epworth Sleepiness Scale (ESS); 22 the ischemic lesion gravity, through the NIHSS; 23 the individual's functional capacity, through the MRS; 24 and the clinical location of the lesion, through the Oxfordshire Community Stroke Project (OCSP).
Statistical analysis
Data were examined for normality using the Shapiro-Wilk and for homogeneity of variances the Levene test. The descriptive analysis was presented as absolute numbers, frequency, variation, average, and standard deviation. The Fisher's test or Chi-square test was performed for between group comparisons. The Mann-Whitney's U test for continuous variables and the Student's t test for the variables with normal distribution and homogeneity of variance were performed when adequate. Statistical analysis was performed with the Statistic Package for Social Sciences (SPSS, Norusis, 1993) software for Windows. The level of significance was set at p<0.05. Data are quoted as mean±SD.
results
Patients (N=70) aged from 32 to 83 were studied (mean = 58.5±13.3). Overall, a non-significant male gender (n=40; 57.1%) predominance over female gender (n=30; 42.9%) was observed. Wake-up stroke was diagnosed in 17 patients (24.3%); 53 patients (75.7%) were identified as having had stroke while awake. Arterial hypertension was confirmed within the majority of the cases (n=47; 67.1%). Diabetes was found in approximately a quarter of the studied population (n=19; 27.1%). Disturb of lipid metabolism was confirmed in 16 patients (22.8%). Forty-six patients (65.7%) were identified as physically inactive and 24 (34.3%) confirmed a history of regular physical activity. Smoking was informed by 22 patients (31.4%). Heavy drinking was found in 17 patients (26.1%).
Among all, waist measure was revealed as abnormal (> 102 cm) in 17 patients (24%). Women presented more WHI cases (WHI>0.8, 89%) than men (WHI>1.0, 55.0%) (exact Fisher test, p=0.002). In the entire group, it was noticed that 40% of the patients (n=28) had normal BMI and 40% were overweight (n=28). Only 20% (n=14) showed obesity and no differences were found in men (37% normal BMI; 49% overweight; and 14% obesity) as compared to women (40% normal BMI; 40% overweight; and 20% obe- (Table 1) .
Patients with excessive daytime sleepiness were younger (p=0.02), had more reports of heavy drinking (p=0.03), and more records of previous physical inactivity (p=0.03).
Among patients with excessive daytime sleepiness, a trend for a higher number of cases with WUS and arterial hypertension was observed. Regarding stroke severity as evaluated by the NIHSS and MRS scales, and the vascular territory according to the OCSP scale, no differences were found between patients with and without excessive daytime sleepiness (Table 2) .
discussion
In this study it is shown that WUS represents approximately a quarter of the ischemic stroke patients. Previous reports indicate a prevalence that varies from 5 to 30%. The thrombolytic therapy for ischemic stroke can only TABLE 2 Demographic and clinical characteristics of stroke patients with and without daytime sleepiness.
Without daytime sleepiness n=56
With daytime sleepiness n=14 be administrated in a narrow time window. Therefore, considering that patients with WUS may comprise up to 30% of the ischemic strokes, a significant number of cases may have this alternative of treatment compromised.
It has been reported that the patients with WUS present worse clinical presentation, and, as opposed to it, there are reports showing no difference between WUS and stroke while awake. Our study revealed the latter pattern in the overall sample. In an interesting way, however, the patients with WUS presented more diabetes and a sedentary lifestyle. To the best of our knowledge, similar reports have not been described. A previous study showed a relationship between WUS and smoking. 9 Daytime sleepiness has been associated with an increase in mortality by any cause and with major occurrence of cerebrovascular diseases. 26, 27 Daytime sleepiness is also a clinical sign of obstructive sleep apnea which by its turn is an independent factor to greater mortality in stroke. 28 In the current study, 20% of the patients had excessive daytime sleepiness and this was higher among the younger, in those with history of sedentary lifestyle and heavy drinking. It must be considered that daytime sleepiness is a complex symptom and of probable multifactorial cause. The occurrence of heavy drinking in association with daytime sleepiness suggests an additional cause for neuronal lesions.
Regarding the conundrum of therapy for WUS patients, recently, it has been shown that the characterization of the penumbra zone is a decisive factor for the use of reperfusion therapies. 29 The perfusion-diffusion mismatch has been the most used method to access the penumbra zone: the diffusion weighted image (DWI) sequence shows the irreversible ischemia area and the perfusion sequence detects the hypoperfusion area. It is important to remember that the hypoperfused lesions without hyperintensity area in the DWI represent the penumbra zone. Therefore, due to its excellent sensibility and specificity in diagnosing stroke in its acute phase, the magnetic resonance imaging can be essential for the patient with stroke. 30, 31 The exam lasts less than 10 minutes, confirms the ischemia, excludes the stroke mimics and identifies the penumbra (perfusion-diffusion mismatch), promoting additional information for the decision taking regarding the thrombolytic therapy. Such procedures would be particularly useful in WUS cases.
Limitations to this study must be acknowledged. Presently, a small sample of patients was involved. However, our results are in agreement with previous reports. Moreover, the frequency of excessive daytime sleepiness, sedentary lifestyle and heavy drinking are noteworthy.
conclusion
The current study shows that WUS occurs in approximately 25% of patients with ischemic stroke. Stroke severity and daytime sleepiness were similar in patients with WUS as compared to stroke while awake. In this study, diabetes and sedentary lifestyle were more frequent in WUS patients. Overall, excessive daytime sleepiness was present in 20% and was more frequent in patients of younger age, in those with sedentary lifestyle or with heavy drinking.
resuMo Wake-up stroke: achados clínicos, sedentarismo e sonolên-cia diurna Objetivo: wake-up stroke (WUS) define o acidente vascular cerebral (AVC) que ocorre sem horário preciso de início, pois os sintomas manifestam-se ao despertar. Alterações do sono associam-se a maior risco de AVC e doenças cardíacas. Este estudo avalia as características dos pacientes com e sem WUS, a presença de sonolência diurna e os fatores de risco associados. Método: pacientes com AVC isquêmico foram identificados quanto à presença de WUS. Foram avaliadas as características clínico-demográficas, a gravidade do AVC pela National Institutes of Health Stroke Scale (NIHSS) e pela Modified Rankin Scale (MRS) e o grau de sonolên-cia pela Epworth Sleepiness Scale (ESS). Resultados: setenta pacientes (57,1% homens) com idade entre 32 e 80 anos (58,5±13,3) foram estudados. Wake-up stroke foi observado em 24,3% dos casos. Hipertensão arterial sistêmica (67,1%), diabetes (27,1%) e distúrbio do metabolismo lipídico (22,8%) foram frequentes. Diabetes e hábitos sedentários foram mais comuns nos casos com WUS (p<0,05). Na amostra total, 62,3% dos casos apresentavam AVC leve, moderado ou com poucos sintomas (NIHSS<5). Sonolência excessiva diurna (SED) (ESS>10) foi identificada em 20% dos pacientes. Não houve diferença entre os grupos com e sem WUS quanto à gravidade do AVC e o grau de sonolência. Pacientes com SED eram mais jovens e mais sedentários (p<0,05). Os indivíduos com etilismo tinham maior grau de sonolência (p=0,03). Conclusão: wake-up stroke manifesta-se em 25% dos casos de AVC isquêmico. Neste estudo, os pacientes com WUS apresentaram mais diabetes e sedentarismo. Sonolência diurna é frequente e associa-se a hábitos sedentários e etilismo.
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